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Abstract 
The aim of this paper is to analyze the current situation and environmental effects of household energy consumption 
in rural and urban areas. We suggest some measures on reducing emission and protecting environment from pollution. 
Based on questionnaires survey, we analyzed the quantity and structure of household energy consumption in urban 
and rural areas, and compared the environmental effects of energy use between urban and rural areas. We used 
SPIRPAT model to analyze the impact of population and income factors on the ecological footprint of energy use. 
The results show that there is an unobvious difference of per capita energy consumption between areas. But in terms 
of energy structure, urban households are dominated by the fossil energy, while rural households are dominated by 
both of biomass energy and fossil fuels. The emissions of rural households are much larger than those of urban 
households. However, the difference of social emissions from energy consumption between urban and rural 
households becomes little. Both population size and income factors have promoting effect on total energy and the 
ecological footprints of electricity and coal etc. in urban areas, so does on electricity and biomass in rural areas. 
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1. Introduction 
Energy is the essential material basis of economic and social development. However, the large number 
of energy consumption leads to a serious threat to climate change, environmental pollution and human 
health. Reducing emissions become the important orientation of environmental policy in the worldwide [1].
With the rapid industrialization and urbanization in China, the trend that energy consumption continues to 
rise is inevitable. This not only leads to excessive dependence on foreign energy sources, but also 
threatens China's energy security. According to the assessment report of CO2 emissions from Netherlands 
Environmental Assessment Agency, total CO2 emissions in China surpassed the United States in 2007, 
that means China become the largest CO2emission country in the world 
[2]. To cope with climate change, 
China is facing increasing international pressure to reduce emissions.  
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Economic growth, living standards improving and consumer attitudes changing inevitably lead to 
diversification of household energy consumption. It is essential to conduct energy saving and emission 
reduction in life aspect. A lot of pollutants from household energy consumption are harmful to human 
health, particularly for women and children in rural areas [3]. The World Health Organization estimates 
that household air pollution from the use of biomass in inefficient stoves would lead to over 1.5 million 
premature deaths per year in 2030[4].
There have been more findings on the study of household energy consumption and environmental 
impact. Feng et al. (2010) used CLA method to comparatively analyze CO2 emissions caused by residents 
consuming at different income levels in various regions of China [5]. Li et al. (2008) discussed energy 
consumption structure of rural households and environmental impact in the Loess hilly region of China [6].
Yao et al. (2011) accounted CO2 emissions implied in resident consumption by the integrated life-cycle 
approach, and analyzed factors that impact carbon emissions [7]. Based on questionnaires survey, we 
analyze the energy type and quantity in the part of direct energy consumption of urban and rural 
households, and account the emissions from household and social perspectives. We apply STIRPAT 
model to analyze the impact of population and per capita income factors on environment. Furthermore, 
we provide policy suggestions and measures of energy saving and emission reduction.    
2. Study Area 
This study was carried out in the western region of the Loess Plateau, China. It is a warm temperate 
zone with a typical semi-arid climate. The annual mean temperature is 5.3–11.5°C. There is 251–556 mm 
of rainfall per annum. The vegetation is in the transition zone from forest to grassland. Because of loose 
loess and coupled with concentrated precipitation, the loss of soil and water is very serious. A large 
number of land reclamation projects and demand for fuel led to declining vegetation cover and intensified 
soil erosion. The terrain has a broken surface and is criss-crossed by gullies. There is sufficient sunlight 
and abundant solar energy resources in study area, so solar cookers and solar water heaters are widely 
used. Currently, there is enough energy for cooking for most households, but supplies of energy for 
heating energy lag behind [8]. There is a large gap between demand and supply of fuels in the space 
heating. Here residents still have larger expectations of increasing their demand for energy.
3. Data Source and Research Method 
3.1 Data source 
From March 2009, we carried out a random survey of households in four regions (provincial capital, 
medium-sized cities, county towns and rural areas) . Investigators communicated directly with the users, 
and conducted scene observations. The investigation lasted a year. Topics investigated included: the 
number of permanent occupants of a home, their economic status, profession, living floor space and 
willingness in energy choice. The types, purpose and prices of all household appliances for energy use, 
were recorded in detail. A total of 820 households were investigated, from which we obtained 719 usable 
replies. Distribution of survey samples is in Table 1. 
 Table 1 Distribution of survey samples
Region type Provincial capital
Medium-sized
city
County
town
Rural
area 
Total
Actual number of households 171 127 
117 
365 
122 
344 
1492 
820 
Effective number of households 150 108 719 
Effective population 489 380 2726 
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3.2 Research method 
3.2.1 Calculation of energy consumption  
According to the survey, the type of energy used in urban and rural households including electricity, 
natural gas, liquefied petroleum gas (LPG), pipeline gas, coal, gasoline, biomass, biogas and solar energy. 
Energy use purposes can be divided into the following categories: lighting, cooking, heating and cooling, 
sanitation, entertainment and education, transportation and others. In order to compare the differences in 
the quantity of energy consumed, a unified unit of standard coal equivalent (kgce) is needed. The total 
amount of energy of each sample is Eq:
In the formula, n is the number of energy types, eqi is the amount of the ith type of energy that the qth
sample, ci is the coefficient of conversion from the ith type of energy to standard coal. 
3.2.2 Calculation of emissions from energy consumption 
  From rural to urban areas, different patterns of energy consumption lead to differences in greenhouse 
gas emissions(GGE). As the places of production of the electric power and thermal heating are seprate 
from those of consumption in urban area, this article discussed GGE from household and social 
perspectives. GGE are calculated as:  
In the formula, Gij is the jth emissions of the ith sample, k is the type of energy, fkj is the emission factor[9-
10] ,Ek is the total consumption of the kth type of energy.  
3.2.3 Estimates of the ecological footprint (EF)of energy consumption 
   EF of CO2 can be directly converted according to the average ability to absorb CO2 of fossil energy 
(5.2t/hm2). EF of N2O and CH4 can be converted to corresponding value of CO2 through their global 
warming potential (GWP) and then to be estimated [11]. The EF of household energy consumption (hm2)
in one region can be estimated as: 
 In the formula, EFCO2, EFN2O and EFCH4 are the EF of CO2, N2O and CH4 discharged in household 
energy consumption(hm2), respectively,. QCO2, QN2O and QCH4 are the emissions of CO2, N2O and CH4 (t). 
GWPN2O and GWPCH4 are global warming potential of N2O and CH4, taken 310 and 21, respectively. 
3.2.4  STIRPAT model construction 
STIRPAT random regression model is proposed by York et al. [12]. This model used to analyze the 
relationship between the variables: P (population), A (affluence degree), T (technology) and I 
(environmental impact). The general form of STIRPAT model is: 
n
q i
i 1
c e (1)q iE
=
= ∑
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In the formula, I, P, A and T represent EF of energy use, population scale, affluence degree and energy-
using technology, respectively. The coefficient a is the constant. b, c and d are the exponential term for P,
A and T. e is the error term. Due to lack of technical measure, technology factor can be attributed to the 
error term rather than separate estimate in practical applications. We take logarithm to both sides of the 
STIRPAT model and make the technology T attributed to the error term μ
as follows:  
4. Analysis of Results 
4.1 Quantity and structure of energy use 
The results show that there are obvious differences in the four types of region from provincial capital to 
rural areas (see Table 2). Per capita energy consumption in rural areas is 456.1kgce, which is higher than 
in the medium-sized cities and county towns, but lower than the big city. This is mainly because rural 
households use energy of poor quality and low efficiency. They have to ensure the basic livelihood under 
the premise of a large number of energy consumption. 
Table 2 Energy consumption in different regions (kgce) 
Energy type Electricity
Natural 
gas
LPG 
Piped
gas
Coal
(direct)
Coal
(indirect)
Solar
energy
Gasoline
Biomass 
energy
Biogas Total 
Per capita 
energy
Provincial capital 197.0 187.3 38.7 – 39.8 1035.7 26.1 74.1 – – 1598.6 490.4
Medium-sized city 201.2 10.9 45.1 15.0 57.4 948.7 30.9 37.6 – – 1346.7 432.3
County town 161.9 – 71.0 – 183.7 928.7 43.4 14.8 – – 1403.5 400.2
Rural area 25.6 – 5.6 – 851.5 – 45.4 – 989.57 60.49 1978.2 456.1
There is a large difference of energy consumption structure between regions. This is the result that 
some factors, such as energy prices, energy availability, consumer preference, living environment and 
lifestyle, affect together. Generally, almost all households in urban areas consume commercial fossil 
energy, which occupies 82%-86%. Biomass energy and fossil energy used in rural households account for 
50% and 43%, respectively. Electricity as the most widely used energy, whose consumption reduces. 
Only Lanzhou City and Tianshui City have applied natural gas in the survey area, which account for 
11.8% and 1.6% of total energy consumption, respectively. As the costs of private cars and motorcycles 
are relatively high, gasoline consumption gradually reduce to zero from the cities to rural areas. Coal is 
widely used in all regions, but is in different using form. It is mostly used indirectly (96.3%) in the form 
of heat in urban areas, while coal is utilized mainly in the form of direct combustion in rural areas. 
Additionally, solar energy and biogas are increasingly used in rural areas. The proportion of clean energy 
accounts for 5.3% of the total rural energy use. 
Energy use purposes of urban households are diverse, in which entertainment, cleansing and sanitation 
and transportation account for a certain proportion. It belongs to the development type or enjoyment type 
of energy consumption. However, the majority of energy is used for cooking (43.6%) and heating (55.2%) 
to rural households, and less energy are used for other purposes. It belongs to typical survival-type 
structure of energy consumption. There is a clear distinction between the patterns of energy use in urban 
and rural households.  
Table 3 Purposes for which energy is used in different regions (kgce) 
Item Lighting Cooking Entertainment
Heating and
cooling
Cleansing
and sanitation
Transportation Other Total 
Provincial capital 22.7 308.7 42.0 1073.4 69.0 74.1 8.8 1598.6
Medium-sized city 17.8 194.8 46.2 996.3 52.0 37.6 2.0 1346.7
ln ln ln ln ln (5)I a b P c A μ= + + +
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County town 16.7 232.2 36.6 1050.0 50.7 14.8 2.5 1403.5
Rural area 11.3 862.6 11.4 1092.6 0.3 0.0 0.0 1978.2
4.2. Comparison of emissions under different perspectives 
Household energy mainly includes electricity, coal, natural gas, LPG, gasoline, solar energy, biogas 
and biomass etc. Solar energy, biogas and natural gas belong to clean energy because of little emissions. 
Coal, gasoline and biomass energy belong to dirty energy due to producing large amounts of emissions. 
Electricity is a kind of clean energy for households, but it is a kind of dirty energy for the society because 
of producing some emissions in the progress of generation electricity. 
Different energy consumption patterns between urban and rural areas lead to difference of household 
emissions. Urban households utilize electricity, natural gas and pipe-heat, their emissions have only a 
social impact. Nevertheless, bio-fuels and coal directly used by rural households produce both impacts of  
family and society 
 Emissions of energy consumption mainly include CO2, N2O, CH4, NOx, SO2 and TSP, etc., these 
emissions impact on the climate change and peoples’ health. GGE in the households can be obtained by 
the calculation in different regions, see Table 4.   
Table 4  Gas emissions of per capita energy consumption to family 
Item CO2(kg) CH4(g) N2O(g) NOx(g) SO2(g) TSP(g) 
Provincial capital 185.49 2.15 19.20 288.36 231.00 21.64 
Medium-sized city 120.16 1.73 10.33 156.09 346.68 29.97 
County town 197.25 2.76 5.32 144.93 983.03 81.54 
Rural area 1314.88 39.77 349.26 304.11 3832.58 4432.52 
Several types of emissions in rural areas are much higher than those in urban areas. The cause is that 
rural households utilized a lot of biomass energy. In urban areas, county towns are significantly higher 
than big and medium size cities because local residents use directly more coal. It shows that the effect of 
energy consumption on residents’ health is gradually increasing from the cities, the county towns to the 
rural areas. Here many settlements are located in the valleys. The self-purification capacity of atmosphere 
is weakened. The emissions are gathered in the atmosphere above the villages and towns for long time.  
For overall emissions do not appear in  the habitation, the household emissions are low in urban areas. 
From whole society, electric power and heating produce also same emissions. On this basis, regional 
emissions are shown in Table 5. 
Table 5 Gas emissions of per capita energy consumption to society 
GGE between urban and rural areas are very different from social and household perspectives(see 
table5 and table6 ). Due to less electricity use, the GGE of rural households are much more than those of 
urban ones. From the perspective of the whole society, the GGE is almost the same between rural and 
urban households. That is to say, the evolution of energy consumption patterns from rural to urban 
households only brings improvement of residents’ health level. The effect of emission reduction is not 
significant to the whole society. 
4.3. Factors of population and affluence changes in the EF of household energy 
Item CO2(kg) CH4(g) N2O(g) NOx(g) SO2(g) TSP(g) 
Provincial capital 1322.55 18.38 29.37 905.53 7750.18 1647.18 
Medium-sized city 1236.02 17.64 20.21 761.75 7725.72 1713.05 
County town 1128.57 16.06 13.71 650.42 7141.66 1357.49 
Rural area 1337.90 40.08 349.39 316.60 3984.82 4543.28 
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Through calculation, the average energy EF per household of provincial capital, medium cities, county 
towns and rural areas were 0.855 hm2, 0.746 hm2, 0.765 hm2 and 1.127 hm2, respectively. We divide the 
survey data into urban and rural levels, and study the impact of demographic factor and per capita income 
on energy EF. We divide data into 25 grades according to the income level, and then estimate the 
parameters of SPIRPAT model. The two independent variables are mutually independent, and there is no 
multi-collinearity problem. We establish the models between energy EF, population size and income 
respectively to urban and rural areas. See table 6. 
Table 6 The estimation of population, affluence factors impact on EF of household energy use 
item Urban area Rural area 
dependent variables total energy electricity  coal  total energy electricity  biomass  
Constant 1.378*** 1.300*** 1.166*** 2.687*** 1.612** 1.525** 
Population scale 1.116*** 0.730*** 0.879*** 0.814*** 0.410* 0.948** 
income level 0.427*** 0.300** 0.449*** 0.399*** 0.094** 0.445*** 
R2 0.939 0.755 0.917 0.930 0.526 0.782 
F-statistic 170.394 33.875 121.308 145.650 12.229 39.367 
Number of samples 25 25 25 25 25 25 
Note: * indicates it is significant at the 0.1 level, ** indicates it is significant at the 0.05 level, *** indicates it is significant at the 
0.01 level. 
From table 6, population size and income factors have an important impact on energy EF in urban and 
rural groups. The population growth will increase undoubtedly the energy use and significantly affect 
energy EF. In urban areas, the high-income households consume more energy on the entertainment. In 
rural areas, biomass energy and other energy consumption will also rise as residents’ income increases. 
This is contrary to the energy ladder theory proposed by Omar R et al.[13]. The main reason is that basic 
demand for energy has not been fully met yet in the underdeveloped rural western region. 
5. Conclusion and Discussion 
5.1 Conclusion 
The results shows that per capita energy consumptions are 490.4kgce, 432.3kgce, 400.2kgce and 
456.1kgce from large city, medium-size cities, county towns to rural areas, respectively. There is a large 
gap of energy consumption structure among regions. Urban households are dominated by fossil energy, 
but rural households are dominated by both biomass energy and fossil energy. In terms of purposes of 
energy use, the energy consumption of urban households belongs to the development type or enjoyment 
type, while that of rural households belongs to typical survival-type. 
From both social and household perspectives respectively, the GGE are very different between urban 
and rural areas. There is a spatial ectopia in the production and consumption of the electric power and 
heat. Social emissions are much larger than the household ones. Because urban residents use relatively 
more electricity and pipe heating, there is a large difference between household GGE and social GGE. 
Rural residents suffer higher health risks from fuels use than urban residents.
There is close connection between EF of household energy use, demographic factor and income. With 
the population size and income increasing, EF of electricity and coal in urban areas rise, so do those of 
electricity and biomass energy in rural areas. 
5.2. Discussion 
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Urban residents depend on fossil fuels much more. With the urbanization rapidly promoting, large 
numbers of rural people pour into the cities and towns, which will make demand growth for fossil energy. 
The energy prices rising not only increases the burden of consumer, but also proposes a challenge for 
environmental protection. In order to achieve the target of emission reduction, it is essential to take 
relevant measures such as optimizing the energy structure and improving the efficiency of energy use 
through technology innovation. In the future, the solar energy, hydropower and wind power should be 
developed hard, bio-fuels be processed and converted.  
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